The roles of human low density lipoprotein (LDL)-cholesterol and high density lipoprotein
gated using cultured human adult and fetal adrenocortical cells and the findings were then compared to those obtained with bovine adrenocortical cells. The secretion of cortisol in both human and bovine adrenocortical cells was dose-dependently increased by the administration of LDL-or HDLcholesterol in the presence of adrenocorticotropin (ACTH). LDL-cholesterol was utilized to a greater extent than HDL-cholesterol in both human and bovine adrenal steroidogenesis in the presence of ACTH. Exogenous lipoproteinderived cholesterol was less utilized in human adrenal steroidogenesis than in bovine adrenal steroidogenesis, compared to the endogenous cholesterol. An increase in the secretion of cortisol and dehydroepi androsterone sulfate (DHEA-S) continued for the 5-day culture period, in the presence of lipoprotein cholesterol and ACTH in both human adult and fetal adrenocortical cells. The secretion of aldosterone increased on the first day of the culture period, then gradually decreased for the 5-day culture period in human adult adrenocortical cells, but not in human fetal adrenocortical cells in the presence of lipoprotein cholesterol and ACTH.
These findings demonstrate that exogenous cholesterol utilized in the biosynthesis of steroids is mainly from LDL-cholesterol in both human adult and fetal adrenals and bovine adrenal and the proportion of cholesterol synthesized de novo is significantly larger in the human adult adrenal than in the bovine adrenal.
Cholesterol is synthesized de novo from acetate in the adrenals and is utilized for adrenal steroidogenesis (Srere et al., 1948) . Borkowski et al.(1967) suggested the importance of the role of plasma cholesterol in adrenal steroidogenesis. The uptake of cholesterol from the blood into the adrenals is stimulated by ACTH (Dexter et al., 1970) . Studies on lipoprotein metabolism have shown that HDL-cholesterol in rats is preferably utilized for adrenal steroidogenesis (Gwynne et al., 1976; Gwynne and Hess, 1980; Andersen and Dietschy, 1978) , while LDL-cholesterol is utilized in mice (Faust et al., 1977; Kovanen et al., 1980) , bovine (Kovanen et al., 1979a (Kovanen et al., , 1979b and human fetuses (Carr et al., 1980a (Carr et al., , 1980b . Brown et al.(1979) identified the LDL receptor on the adrenocortical cell membrane by which cholesterol is supplied to the adrenocortical cells.
As there is no report on the role of plasma lipoprotein cholesterol in human adult adrenal steroidogenesis, we carried out the studies on the role of LDL-and HDLcholesterol in the human adrenal steroidogenesis in cultured human adult and fetal adrenocortical cells and compared the findings in bovine adrenocortical cells. 
Materials and Methods
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Effects of ACTH concentration
The effects of ACTH concentration on cortisol secretion in the presence of LDL or HDL are shown in Fig. 1 4) and 61 y.o. subjects (Fig. 5) .
The effect of LDL-or HDL-cholesterol on human fetal adrenal steroidogenesis was also determined (Fig. 6 ) and compared to the findings with human adult adrenal steroidogenesis. Human fetal adrenocortical cells secreted mainly DHEA-S.
In the absence of ACTH, the secretion of cortisol, DHEA-S and aldosterone decreased with the day of incubation.
In the presence of ACTH, all secretions were markedly increased and continued to increase during the 5-day cultured period. The addition of either HDL with regard to the extent of involvement of exogenous cholesterol in the production of cortisol.
In bovine adrenals, exogenous cholesterol accounted for about 80% of all the cholesterol used, but in human adults the rate was about 55%. Borkowski et al. (1967) reported that about 80% of cholesterol used in the steroid production of adult adrenals in vivo was derived from exogenous plasma cholesterol. Carr and Simpson (1981) reported that the rate was about 70% in vitro in human fetuses. In our present experiments, the rate for bovine approximated these values, but that for human adults was lower, thereby indicating that endogenous cholesterol was involved in steroid produc-tion at a high rate in human adult adrenals. This high rate possibly reflects the fact that the concentration of cholesterol in the human adrenal is higher than that in the bovine (Khan et al., 1963; Cargill and Cook, 1964) .
The addition of HDL to the cultured cells in the presence of ACTH also increased steroid hormone secretion from human adult and fetal adrenocortical cells. The binding of HDL to the specific receptors was demonstrated, but unlike LDL receptors, the internalization and degradation of HDL were not observed by Gwynne and Hess (1980) in rat adrenal cells, or by Kovanen et al. (1979c) in cells of adrenal tumors of the mouse. Carr et al. (1980b) mentioned the possible involvement of lipase liberated from the cytoplasmic membrane following treatment with heparin, in the uptake of HDL-cholesterol into the adrenal. We labeled free cholesteol in HDL and LDL with 3H by the method of Gwynne et al. (1976) and compared the incorporation into the adrenocortical tissues of human adults. In the human adult adrenals, as in the rat adrenals, about 3 times as much HDLcholesterol as LDL-cholesterol was incorporated, suggesting that this incorporation of free cholesterol may play a role in the supply of cholesterol to the adrenocortical cells (Higashijima et al., 1979) . As shown in Fig. 1 , however, the addition of HDL increased the secretion of cortisol from human adult adrenal cells in the presence of a relatively high concentration of ACTH, but there was no increase when the concentration was low. Therefore, the incorporation and utilization of HDL-cholesterol may occur only when the intracellular production of steroids is markedly stimulated. As shown in Fig. 2 , human adrenocortical cells synthesized cortisol using more LDL than HDL. The plasma concentration of LDL-cholesterol is 2 to 3 times higher than that of HDL-cholesterol in adults (Osborne and Brewer, 1977 (Muller, 1978 Aguilera et al., 1981 . The possible mechanism of this decrease is as follows.
(1) Aldosterone synthesis is inhibited in the "late pathway" by corticosterone and 18 -OH-deoxycorticosterone (Muller, 1978) 
